INTERPRETATION More studies are needed to ascertain the prevalence of mental health disorders. Mental health symptoms are common and mental health evaluations should be incorporated into multidisciplinary assessments for these children.
Cerebral palsy (CP) is a common cause of developmental disability, with a prevalence ranging from 1.7 to 3 per 1000 births. 1, 2 The presentation and severity of CP varies considerably and is formally categorized by functional abilities. CP is often associated with additional symptoms such as epilepsy or sensory impairments, and about half of individuals with CP also have intellectual disability. 2 CP is an aetiologically heterogeneous condition and represents many of the impairments and comorbidities observed in other neurodevelopmental disorders.
Children and adolescents with chronic health conditions including neurological disorders and intellectual disability appear to be at greater risk of emotional and behaviour symptoms than children in the general population. 3, 4 Mental health in CP was first investigated in the 1990s, and in a sample of 428 children with hemiplegia more than half were assessed by the author as having a mental health disorder. 5 More recently, qualitative studies have indicated that children and adolescents experience feelings of stress, anxiety, and depression in relation to their challenges participating in the community, 6 and other studies have reported elevated levels of emotional, social, and behavioural symptoms suggestive of mental health problems. 7, 8 Mental health symptoms and formally diagnosed mental health disorders in CP appear to be common but rates vary across studies, possibly because of variations in study methods, service limitations, and under-recognition.
Mental health functioning needs to be evaluated within a more complex framework that takes into account the brain lesion itself, the presence and level of intellectual disability, and the presence of neurocognitive challenges in areas of attention, executive function, and social reasoning. 9 Children with CP may experience a variety of physical, emotional, and environmental stressors, sometimes resulting in a mental health problem or diagnosis. They also have complex, individualized management needs, owing to physical deficits and the presence of other comorbidities, restrictions in participation, and more general life challenges associated with their disability. 10 However, services mainly concentrate on physical needs even when mental health disorders and symptoms are also present. It is important to know the prevalence of mental health disorders and symptoms in CP to enable planning for the appropriate implementation of screening, diagnosis, and management strategies.
The aim of this paper is to review systematically the growing body of literature and estimate the prevalence both of mental health disorders and of symptoms reported in school-aged children and adolescents with CP, including (where available) subgroups of age, motor functioning, and the presence or absence of intellectual disability.
METHOD
The review was conducted and reported using PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses).
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Definitions of mental health
Mental health is defined as 'a state of well-being in which an individual realizes his or her own abilities, can cope with the normal stresses of life, can work productively and is able to make a contribution to his or her community'. 12 Disorders of mental health are extremely diverse, but are 'generally characterized by some combination of abnormal thoughts, emotions, behaviour and relationships with others'. 13 We distinguished between mental disorders and mental health symptoms and searched for prevalence rates of both. We defined a mental disorder as a clinically diagnosed psychiatric condition made using standardized classifications for mental or behavioural disorders, such as the Diagnostic and Statistical Manual of Mental Disorders (5th Edition) (DSM-5) 14 or the International Statistical Classification of Diseases and Related Health Problems (ICD) 13 systems. On the basis of the DSM-5 classification of attention-deficit-hyperactivity disorder and autism spectrum disorder as neurodevelopmental disorders (rather than mental health disorders), these conditions were outside the scope of this review. We defined mental health symptoms as problems identified using a behavioural screening questionnaire, but not assessed as a formal mental health disorder using a standardized psychiatric diagnostic instrument. For example, abnormal scores on the Strengths and Difficulties Questionnaire (SDQ) 15 and the Child Behavior Checklist (CBCL) 16 are believed to indicate possible psychopathology. Mental health symptoms in children and adolescents can be viewed as behavioural indicators of mental health and may represent heightened risk of a diagnosable mental health disorder.
Search strategy
The search was completed to the end of 2016 using all English-language publications since 1996 listed in the MEDLINE and PsycINFO databases. All search terms listed in Table I were used because papers with multiple types of neurodevelopmental disorder may include subgroups of CP. For the initial search, the terms within the first four subject concepts (mental health, disability, age, and prevalence) were combined. All terms within each of the four subject categories were combined using 'OR' and each of the four categories were combined using 'AND'. The search findings were downloaded into EndNote version X7.7 bibliographic software (Clarivate Analytics, Philadelphia, PA, USA) and duplicates were eliminated. This search was supplemented with an additional search combining the term 'cerebral palsy' with any one of the following assessment tools: Kiddie Schedule for Affective Disorders and Schizophrenia (Kiddie-SADS), SDQ, CBCL, DSM, ICD, Mini-International Neuropsychiatric Interview, Diagnostic Interview Schedule for Children, and Developmental Behaviour Checklist. We then searched the reference lists for other papers that fitted the eligibility criteria. This additional search was done because of the small number of papers meeting the eligibility criteria of the first search and the apparent use of these assessment tools among children with CP without a specific aim of investigating mental health disorders.
Eligibility criteria
Studies were selected if (1) most of the children and adolescents in the sample were aged 6 to 18 years, or a • The prevalence of mental health symptoms for age and severity groups is unclear.
subgroup analysis was provided for individuals within this age range; (2) the participants had CP; (3) the prevalence of a mental health disorder or symptoms (as defined above) in a general population (e.g. not a population who were already identified as having mental health symptoms or recruited from mental health services) of CP was provided or could be calculated; and (4) the paper was peerreviewed. Two reviewers (JD, EJG) independently assessed the titles and the abstracts according to the criteria above, and full-text versions of eligible papers were retrieved. Reasons for exclusion were recorded.
Data extraction
Data were extracted for the following variables: study design, sample size, participant characteristics (age, sex, Gross Motor Function Classification System [GMFCS]), level of intellectual disability, assessment (data capture methods, measures), the type of mental health diagnosis or symptoms identified, and prevalence data. Data were collected independently by four reviewers (AMB, JD, AE, EJG) using a standardized data extraction form. Any disagreements were discussed until a consensus was reached.
Critical appraisal
The Joanna Briggs Institute Prevalence Critical Appraisal Checklist 17, 18 was applied to the eligible papers to appraise their scientific strength. Ten checklist items were used for all papers: sample representativeness, recruitment and size, description of subjects and setting, non-response, criteria for identifying the mental health diagnosis or problem, reliability of measurement, and statistical analysis including identification of subgroups. The two items that related to reporting for subgroups were used to appraise data in relation to subgroups by age, GMFCS level, and intellectual disability. For each of the 10 checklist items, papers were rated as fully meeting the criterion ('Y'), being unclear as to whether the criteria were met ('U'), or not fully meeting the criteria ('N'). Where disagreements among the reviewers occurred, ratings were discussed until a consensus was reached.
Data synthesis
Prevalence data were described and synthesized descriptively, and the sources of heterogeneity were discussed. A random effects meta-analysis was used to give a pooled estimate of prevalence of mental health symptoms for each measure (total difficulties score, SDQ; total problem score, CBCL). Heterogeneity among studies was evaluated using the I 2 statistic with greater than 75% representing high heterogeneity. 19 Statistical analyses were conducted using STATA version 14 (StataCorp, College Station, TX, USA).
RESULTS
The search strategy yielded 3158 papers, from which four were identified that met eligibility criteria and were reviewed in full text (Fig. 1) . The reference lists of these four papers were searched for any additional relevant papers that had not been identified during the literature search using the original search terms; from this process, an additional four papers were found. After full-text review of the eight papers, two were eliminated because of lack of prevalence data 20 and duplication of participants in another one of the selected studies, 21 resulting in six eligible studies for inclusion for full review. 7, 8, [22] [23] [24] [25] The additional search conducted on CP papers using the assessment tool terms and with the same eligibility criteria described above resulted in another two papers for inclusion in the study. 26, 27 The final set of eight papers involved 1771 children; the study characteristics are summarized in Tables II,  III , and IV.
Study characteristics
All studies were cross-sectional, with seven of the eight involving parent surveys 7, 8, 22, [24] [25] [26] [27] and one a diagnostic interview with parents. 23 Sample sizes ranged from 36 to 818 children, with one study being a subset of another but using different assessment tools (Table II) . 22, 23 Seven of the eight study samples included more males (range 57%-64%) 7, 8, [22] [23] [24] [25] [26] than females, and one study had a minority of males (39%). 27 Six studies provided comparable descriptive data on the GMFCS level, with 65% to 83% of children classified in GMFCS levels I to III. 7, 8, [24] [25] [26] [27] Three studies provided comparable descriptive data on intellectual disability, and the proportion with intellectual disability ranged from 21% to 55%. 22, 23, 26 The study using parent interviews provided data on mental health diagnoses using the Kiddie-SADS alone (n=1), 23 and the remainder provided data on mental health symptoms, using the SDQ alone (n=4), 7, 8, 22, 24 the CBCL alone (n=2), 25, 26 or the SDQ and the CBCL together (n=1) 27 (Table II) .
Critical appraisal
Study quality varied according to the Critical Appraisal Tool (Table III) , with scores ranging from 4 out of 10 (Bjorgaas et al. 22 and Weber et al. 27 ) to 9 out of 10.
8,25
The quality rating for the one study 23 that involved clinical assessment of mental health disorders had a small sample size and bias from poor representativeness by GMFCS level and intellectual disability (5 out of 10). The studies by Parkes et al. 8 and Rackauskaite et al. 25 were associated with the least bias but were limited by lack of subgroup prevalence data and representativeness respectively. The other studies were associated with additional problems in relation to sample representativeness, 22, 27 sample size, 7, [22] [23] [24] 26, 27 insufficient coverage of the sample, 22, 27 and the identification of subgroups. 7, [22] [23] [24] 26, 27 Prevalence of mental health disorders and symptoms A mental health disorder was diagnosed by parent interview in 11 out of 56 (19.6%) children, 23 most with more than one mental health diagnosis. Oppositional defiant disorder was most frequently identified (6 out of 56) followed by obsessive-compulsive disorder (5 out of 56), generalized anxiety disorder (4 out of 56), and separation anxiety disorder (3 out of 56). Affective, phobic, panic, and conduct disorders were diagnosed with low frequency (each 1 out of 56) and psychotic, substance abuse, and post-traumatic stress disorders were not observed in this sample 23 (Table IV) . 
Review 33
The five studies involving the SDQ reported clinically abnormal total difficulties scores in 19% to 67% of cases. 7, 8, 22, 24, 27 The pooled prevalence of abnormal scores was 35% (95% confidence interval [CI] 20-61) and there was high heterogeneity between studies (I 2 =96.7%) (Fig. 2) . Clinically abnormal scores in the subscales were as follows: emotion (17%-30%), conduct (0%-34%), hyperactivity (5%-28%), and peer problems (32%-87%). Two studies measured mental health symptoms with the CBCL, and one-quarter to one-third screened positively for possible psychopathology. 25, 26 The pooled prevalence of positive screening was 28% (95% CI 22-36) and there was moderate heterogeneity between studies (I 2 =64.7%) (Fig. 2) . Nearly half (46%) in a sample of 446 children and adolescents screened positively for any CBCL score 25 (Table IV) .
Prevalence of mental health symptoms for subgroups
Three studies included only children younger than 10 years, and the proportion of children with an abnormal total SDQ score in these studies was 24% to 67%, 7, 8, 22 compared with 19% in the one study that only involved adolescents. 24 The remaining studies did not provide separate prevalence rates for children and adolescents. One study reported the prevalence of subgroups who scored positively for mental health symptoms on the CBCL. 25 In this group, 24% of children in GMFCS level I, 40% in GMFCS levels II or III, and 34% of children in GMFCS levels IV or V scored positively for mental health symptoms. For intellectual disability, 24% of children with developmental quotient greater than 85, 42% with developmental quotient 50 to 85, and 38% of children with developmental quotient less than 50 scored positively for 25 No study reported prevalence data according to the CP topography.
DISCUSSION
We systematically reviewed published literature to determine the prevalence of mental health disorders and symptoms among children and adolescents with CP. Early studies found more than half of children with hemiplegic CP experienced psychiatric symptoms, 5 indicating the potential for mental health problems to accompany even a relatively milder physical disability. The literature has since expanded to include assessments of the wider spectrum of children with CP and over the past 20 years has included a total of 1771 children and adolescents with CP. The point prevalence of children with mental health diagnoses or symptoms was consistently high across the studies, with possibly higher risks for children with CP who also have intellectual disability.
In a population study of 4509 young Australians without disability aged 4 to 17 years, 3% were found to have major depressive disorder and 3% conduct disorder. 28 Overall, 14% of Australian children had mental health symptoms 28 as identified through the CBCL, and approximately 10% of UK 29 and US 30 children would score in the abnormal range on the SDQ in population studies. This systematic review indicates that mental health symptoms are much more common in children with CP, and the pooled estimates for abnormal scores were 28% in studies using the CBCL to 35% in studies using the SDQ. In contrast, evidence for a mental health diagnosis in children with CP was more limited and restricted to one study, where approximately 20% of children were identified as being affected. 23 The quality of the studies was variable, with a range of 4 to 9 passes for the 10 items rated using a standardized assessment tool, 18 which indicated several important limitations. First, several studies had very small sample sizes, and only two had appropriate population representativeness. Estimates of prevalence were lower in higher-quality studies with larger sample sizes (n=446, 818) 8, 25 than in the smaller studies (n=47, 67). 22, 23 In other studies there was poor representativeness of more severely affected children. 22, 25, 27 Secondly, the prevalence of mental health diagnoses or symptoms was reported for GMFCS level and intellectual disability subgroups in only one study, 25 and no study reported prevalence by CP topography. Thirdly, the prevalence by age group was also unclear, with only one study focusing on adolescents and three studies grouping pre-adolescent with adolescent children. The adolescent study (n=160) reported the lowest prevalence of mental health symptoms with the SDQ, which is surprising given that in the general population many adolescents will be experiencing challenges in their development of social roles and their trajectory to independence 31 and that mental health issues can arise. More research is needed in this regard.
Only one of the studies measured formal mental health diagnoses using psychiatric criteria, and there is a clear need for more investigations with larger representative samples. In contrast, seven studies estimated mental health (2) Were study participants recruited using appropriate sampling methods without bias and inclusive of all possible groups? (3) Was the sample size adequate, ideally supported by a sample size calculation, including sizes of subgroups? (4) Were study participants and settings described in detail that allows a clear comparison with other data? (5) Is the data analysis conducted with sufficient coverage of the identified sample, with adequate description of non-participants? (6) Were objective, standard criteria for measurements used? (7) Were the methods of measurement made reliably and described explicitly? (8) Was there appropriate statistical analysis? (9) Are all important confounding factors/subgroups/differences identified and accounted for? (10) Were subpopulations identified using objective criteria? N, criterion not met; U, unclear whether criterion met; Y, criterion fully met.
symptoms using the SDQ 15 and CBCL, 16 which have been validated as parent-report mental health screening tools in the general population. However, these instruments are based on normal models of neurocognitive functioning and were not designed to measure mental health in children with disabilities. Some aspects of behaviour (such as poor attention) may reflect delayed development in neurocognitive functioning rather than a mental health problem. Other behaviours could be misinterpreted because items that produce a positive score on the SDQ and CBCL (such as arguing or crying a lot, appearing confused or in a fog, having aches and pains, not eating well, etc.) may be explained by physical and communication impairments, without necessarily indicating the need for a mental health diagnosis. In addition, parent-based reporting has been found to overinflate child ratings in measures of depression and anxiety. 32 On the other hand, some children may be unable to express their mental health challenges, with assessment underestimating feelings of low mood. The Developmental Behaviour Checklist has been developed to identify behavioural and emotional disturbances in children and adolescents with intellectual disability, 33 and could prove useful for some groups of children with CP. This review provides a best current estimate of mental health symptoms but it is possible that the prevalence is underor overestimated in children with CP. This lack of clarity of the prevalence of mental health diagnoses in this population does not detract from the importance of defining and treating mental health disorders in children with CP who need mental health care incorporated in their management plans. Understanding prevalence is of fundamental importance to diagnose and treat emerging conditions, inform care providers, and plan adequate services in the future.
We used a comprehensive selection of search terms to establish the literature for this analysis. We acknowledge the limitation that our initial search did not yield all relevant literature but we implemented a dynamic approach to expand the search and included additional terms as indicated. Detailed cognitive assessments evaluating domains such as visual and perceptual functioning are necessary to determine whether some behavioural symptoms are due to existing deficits of the CP or represent an additional neurodevelopmental disorder. For example, other neurodevelopmental disorders such as autism spectrum disorder 34 and attention-deficit-hyperactivity disorder 23 can co-occur with CP. The symptoms of each of these disorders can create complex behavioural challenges for both the affected child and their family. We acknowledge the differing perspectives as to whether these co-occurring neurodevelopmental disorders are also mental health disorders. Although similar to our findings with CP, mental health disorders have been found to be more common both in autism spectrum disorder 35 and attention-deficit-hyperactivity disorder 36 compared with typically developing children. For this review, we chose not to include autism spectrum disorder and attention-deficit-hyperactivity disorder as mental health disorders because they do not equate to poor mental health. This review further highlights challenges about the taxonomy of disorders affecting children with CP who are vulnerable both to comorbid neurodevelopmental disorders that can include behavioural difficulties and to additional mental health problems. Complexities with classification could in part suggest why it can be difficult for children to access appropriate service providers from both the disability and mental health sectors.
In conclusion, the studies that were reviewed show that the prevalence of mental health symptoms is high in children with CP, although further work in understanding the capacity of currently available measurements of mental health in children with disability is warranted. Our findings have important implications for the value of clinical screening, to alert clinicians to the child's needs for (1) more comprehensive investigations of mental health and (2) the implementation of appropriate management strategies to build and enhance capacity for everyday functioning and quality of life. Although it is well-recognized that physical and cognitive impairments can restrict participation and affect quality of life, 10 the studies reviewed were inadequate in their capacity to investigate the prevalence of mental health outcomes for different levels of motor functioning and intellectual disability, because of limited sample size and representativeness, and/or limited reporting of prevalence. Mental well-being is very important for the achievement of participation in the community and a satisfying quality of life. [37] [38] [39] Multidisciplinary evaluations for those with CP during childhood and adolescence, together with the provision of adequate services to those who Review 37
